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Abstract 
Measurement of surface roughness requires the use of different mathematical algorithms, which can lead to different outputs 
from the same inputs. In order to avoid this discrepancy in results, international standards have established the concept of 
software measurement standard or softgauges, which aim at contrasting different results from a specific measurement 
information. This paper discusses and compares current implementations of such software measurement standards, analyzing and 
remarking the strengths and weaknesses they present. This benchmarking process is the starting point to elaborate the guidelines 
for the development of a new reference software, which forwards those characteristics aimed at facilitating use and diffusion, 
such as spreadability, usability, calculating capabilities, or modularity. 
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1. Introduction 
Surface finish is a crucial link between a component, the manufacturing process that generated it, and its expected 
functionality [1]. This triple relationship is the primary reason for the measurement, characterization and study of 
surface texture. The assessment of the surface finish requires a large amount of information regarding measurements 
of longitude in the piece being tested, being each of these measurements subjected to uncertainty. Because of this 
uncertainty, even taking the same data as starting point, the final quantitative results of a surface finish study might 
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differ if special conditions are not considered, among which the definition of the algorithms to be applied during the 
analysis plays a big role. In this regard, international regulations try to establish explicit guidelines that 
unequivocally lead to the same results when processing the same source data. In spite of this unifying effort, and the 
definition of software standards, uncertainty persists. Yet in some cases, this is the consequence of an incomplete 
definition of the specification that was intended to measure. However, in most of the cases, uncertainty and disparity 
in results is caused by the use of different filtering software, or by the application of distinct numerical algorithms in 
the calculation of the surface finish parameters. Some of the factors that may lead to diverging numerical results 
when calculating surface finish parameters from the same source of data are detailed below. 
1.1. Sample length vs evaluation length 
Using different length intervals for the evaluation of the surface parameters is known to be a source of confusion. 
Even though there exist international standards to establish the length intervals that should be used for evaluating 
each parameter, those intervals are not consistent among different standards. An example of this can be found in the 
case of the two-dimensional measurement of surface finish. On one hand, ISO standards state that frequently used 
parameters like Ra (arithmetic average of the roughness profile) or Rq (root mean square roughness) must be 
calculated for each sample length [2]. It also says that the sample length must be equal to the cut-off wavelength 
used for the data filtration. However, ASME standards establish that the length used for the calculus of Ra or Rq 
must be the evaluation length [3], which usually contains several basic lengths. Moreover, it is not always the case 
that the knowledge of the length used for calculating the parameters is evident for the user. The user sometimes 
ignores or does not have access to the individual values obtained in each reading data. Thus, the user has to rely on 
the value of the chosen parameter that is given by the instrument. 
1.2. Reference line 
Another possible cause for diverging results comes from the determination of the reference line, line used for 
measuring the height of the points contained in the dataset. As a result, the value of those parameters (e.g. Ra, Rq) 
that depend on this line are affected. Once the profile has been filtered, the reference line can be calculated in three 
different ways: parallel to the direction of the X-axis (Central Line), calculated minimizing the square sum of the 
ordinates in each point (Mean Line), or calculated minimizing the sum of the squares of the orthogonal distances 
between the profile points and the corresponding line (Orthogonal Line). A more detailed analysis of the influence 
that the reference line might have on the values calculated for the parameters can be found in the work of Sanz et al. 
[4]. Even though this influence is quantitatively less relevant than other causes of variation, it should not be 
dismissed. 
1.3. Filtering 
The filtration of the profile's raw data is a matter of great importance because it affects in a very significant way 
the final values obtained. Originally, in the case of the mechanical roughness tester, the data was filtrated 
analogically using RC filters for the normalized values of cut-off λc. Although nowadays the filtration is made 
digitally, RC filters are still present in a great number of filtering equipment. However, the filter most widely used is 
the Gaussian filter, which is based on the convolution of the profile using a Gaussian function. The biggest 
disadvantage of this filter is the dispersion produced at the extremes of the intervals, which makes it necessary to 
exclude data on the extremes of the measured values. The implementation of the filter may be performed using 
directly convolution algorithms, the Fourier transform or the Fast Fourier Transform. Depending on the use of one 
algorithm or another, the final results may experience slight variations. Moreover, spline type filters are more and 
more being chosen because they eliminate the inconvenient associated with the edge values. They are still not 
widely implemented in the industry though.  In addition, it should be mentioned that, regardless of the type of 
filtering, the utilization of an additional filter of short wave λs can affect the final results depending on the typology 
of the surface measured. 
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2. ISO 5436-2 Standard and its international implementation 
ISO standards contemplate the definition of software patterns under the ISO 5436 norm. Under the general title 
Geometrical product specifications (GPS) - Surface texture: Profile method; Measurement standards, ISO 5436 
consists of the following parts: 1 Material measures and 2 Software measurement standards.ISO 5436-1 specifies the 
characteristics of material measures used as measurement standards (etalons) for the calibration of metrological 
characteristics of instruments for the measurement of surface texture by the profile method as defined in ISO 3274. 
It covers standards from Type A to Type E, while ISO 5436-2, introduces a new measurement standards named as 
Type F, for calibrating software. ISO 5436-1 has no use for the present work and, from now on, the ISO 5436-2 
standard that is going to be taken into consideration. Within Type F, the standard defines Type F1 and Type F2 
software measurement standards (etalons) for verifying the software of measuring instruments. It also defines the 
file format of Type F1 software measurement standards for the calibration of instruments used for measuring the 
surface texture with the profile method defined in ISO 3274. Many interesting works have been published related 
with guidelines included in the ISO standard [5-7]. On the one hand, Type F1 data format consists basically on files 
with experimental data that are used to verify the software. These files can be used as the entry data of the software 
that needs to be calibrated or checked. By doing this, results obtained using the software can be compared to that 
certificated results coming from the reference software. On the other hand, Type F2 standards define the reference 
software itself. This software evaluates the parameters that characterize surface finish. Worldwide, the three 
metrological organisms that have implanted Type F2 reference software are: 
x National Institute of Standards and Technology [8]: Created in 1901, currently a part of the United States 
department of Commerce. 
x National Physical Laboratory [9]: Created in 1900, it is the UK's National Measurement Institute and also the 
largest applied physics organization in the UK. 
x Physikalisch-Technische Bundesanstalt [10]: Created in 1887, it is the highest technical authority for metrology 
and physical safety engineering of the Federal Republic of Germany. 
The characteristics of the more representative implementations of ISO 5436-2 standards in these three organisms 
are presented below: 
2.1. National Institute of Standards and Technology (NIST) 
NIST develops the implementation of the ISO 5436-2 standard in a web called “Internet based Surface 
Metrology Algorithm Testing System” (SMATS). This site can be found in the NIST server. At the organizational 
level, SMATS depends on the Surface and Nanostructure Metrology Group, which at the same time belongs to the 
Semiconductor and Dimensional Metrology Division. SMATS is divided in four main sections: 
x 2D analysis tools 
x Database of two-dimensional profiles. 
x 3D analysis tools 
x Database of three-dimensional surfaces. 
The two first sections provide Type F1 and F2 standards for surfaces shaped as two-dimensional profiles, 
whereas sections three and four do the equivalent thing for three-dimensional surfaces. The approach developed by 
NIST offers the user access to the reference software (Type F2) through an Internet server, which also incorporates 
several files that contain reference Type F1 data format (.smd format). The user can download various files 
according to the options chosen in each case. 
2.2. National Physical Laboratory (NPL) 
NPL develops the implementation of the ISO 5436-2 standard through a website called Softgauges, which 
dependency is not directly related to the NPL server. Huddersfield University has been an active participant in the 
creation of this website. Just like some of the works published by members of this university [8-10] highlight, 
Softgauges is divided into four main sections: 
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x Reference databases 
x Reference algorithms 
x File converter 
x Miscellaneous information 
The first two sections are directly linked to the development of the ISO 5436-2 standard. The third and the fourth 
sections provide a series of information and utilities for the users without being direct implementations of the 
standard. The first section supplies two-dimensional reference Type F1 files. Meanwhile, the second section 
provides with a reference software, that is, a Type F2 standard. In this case, unlike the NIST proposal, the reference 
software consists in a Java-written application that users can download and run in their own computers. 
2.3. Physikalisch-Technische Bundesanstal (PTB) 
PTB develops the implementation of the ISO 5436 standard through a site called RTPB-WEB 0.11 placed in the 
PTB's server. In this case, the application consists of only one section that gives the user access to a Type F2 pattern. 
Outcomes are obtained using a browser, being the final result a report displaying the quantitative results, operating 
similarly to NIST’s alternative. 
3. Comparative analysis of the international implementations 
In order to make a comparative analysis of the three implementations described above, a numerical example is 
considered. This example has been analyzed by each of them, so that their main characteristics and benefits can be 
evaluated. First, the input data is indicated. Second, results by each of the above mentioned implementations are 
described. Finally, an overall comparison is made. 
3.1. Numerical data input 
The test uses the two completed profiles that are shown below, in Figure 1. It consists in two completed 
theoretical profiles made using rectilinear sections. Its values are specified in Table 1. This geometrically simple 
definition has been chosen in order to simplify the reproduction of the results that are being presented. The first one 
of the profile consists of 7 identical stretches with 100 points in each one of them. Each stretch also consists of a 
sample length of 0.8 mm, because it is the most frequently used ISO standardized value. The second profile is 
similar to the first one, except for the height offset that has been implemented to the values, as shown in Fig. 1. 
Table 1 lists the values of zi heights expressed in microns for each one of the rectilinear ends of the profile. Each 
profile consists in 7 sample lengths; Lb1,…,Lb7, with 100 points per sample length. The values denominated as x1, 
.., x10 represent the ends of the line segments that make up each basic length . Both profiles are completed with an 
additional coordinate point z701 = 1 so the total points in each profile is equal to 701. 
 
 
 
 
 
 
 
 
 
Fig. 1. Graphic representation of the test profiles 
3.2. Results 
It should be indicated that, even though the *.smd format is the one established as the standard one by ISO 5436-
2, the three agencies accept data in other formats, mainly simple text formats. One of the main reasons for this fact is 
that format *.smd uses ASCII codes, which are not printable. This condition complicates their manipulation using 
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conventional text editors. Since it is an awkward format to work with, the three implementations decided to admit 
easier and more manageable formats.  
Results are summarized in Tables 3 and 4. It can be seen that the values that were processed by NIST and NPL 
are practically coincident; they only differ in thousandths of micrometers. However, the values that are obtained 
with PTB show differences, especially in those parameters that involve the complete profile. 
Table 1. Numerical definition of the test profiles 
PROFILE 1  PROFILE 2 
Lb1 Lb2 Lb3 Lb4 Lb5 Lb6 Lb7 Lb1 Lb2 Lb3 Lb4 Lb5 Lb6 Lb7 
x1 1 1 1 1 1 1 1 x1 1 2 0 1 2 0 1 
x2 2 2 2 2 2 2 2 x2 2 3 1 2 3 1 2 
x3 3 3 3 3 3 3 3 x3 3 4 2 3 4 2 3 
x4 -2 -2 -2 -2 -2 -2 -2 x4 -2 -1 -3 -2 -1 -3 -2 
x5 1 1 1 1 1 1 1 x5 1 2 0 1 2 0 1 
x6 -1 -1 -1 -1 -1 -1 -1 x6 -1 0 -2 -1 0 -2 -1 
x7 2 2 2 2 2 2 2 x7 2 3 1 2 3 1 2 
x8 0 0 0 0 0 0 0 x8 0 1 -1 0 1 -1 0 
x9 1 1 1 1 1 1 1 x9 1 2 0 1 2 0 1 
x10 0 0 0 0 0 0 0 x10 0 1 -1 0 1 -1 0 
Table 2. Parametric results of profile 1 according to different software developments ሾɊሿ 
Pa Pq Ra Rq Rp Rt Rv Rz 
NIST 0.9980 1.2551 0.7311 0.9488 2.1202 4.7496  4.7496 
NPL 0.9988 1.2553 0.7323 0.9486 2.1368 4.7683 2.6315 4.7683 
PTB 0.8033 1.0411 0.7269 0.9456 2.1155 4.7642 2.6317 4.7472 
Table 3. Parametric results of profile 2 according to different software developments ሾɊሿ 
Pa Pq Ra Rq Rp Rt Rv Rz 
NIST 1.1612 1.4552 0.7670 0.9720 2.1015 4.9085 2.6358 4.7374 
NPL 1.1623 1.4556 0.7678 0.9719 2.1178 4.9285 2.6379 4.7557 
PTB 1.0012 1.2627 0.7623 0.9707 2.1106 4.9101 2.6335 4.7441 
3.3. Comparison of the main features of the different developments 
A summary of the main characteristics of the three implementations described in the previous section is 
presented, highlighting their strengths and weaknesses. 
 
Features 
NIST is the only one that provides with Type F1 and Type F2 standards for 2D surfaces (profiles) as well as for 
3D surfaces, while NPL and PTB only work for two-dimensional profiles. Additionally, NIST includes in its 
application a series of benefits that neither NPL nor PTB provide. 
 
User support 
NIST and NPL provide user support systems for their diverse modules of calculus, while PTB does not. This help 
happens to be especially useful for input data errors. These errors may be originated by diverse sources and the user 
might find himself/herself in a dead end if he/she cannot find the cause of the error originated during the input data 
read. A very clear example of this fact can be found in the checksum used to verify the integrity of files transferred 
over the Internet. When the input file has an incorrect checksum, neither NIST nor PTB provide information about 
it. They simply state that an error occurred during the data processing (PTB) or just simply do nothing (NIST). As a 
consequence, the user ignores if the error is produced by the own file or its transmission. Conversely, the application 
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of the NPL, which is executed offline on the user's computer, gives documentary of this error and even delivers the 
correct value that the data file should contain. 
 
Utilities 
NPL provides the user with a utility for format conversions, an aspect that turns out to be of great help when non-
standard files are used, like the ones generated by a roughness tester. NIST and PTB do not provide specific utilities, 
although NIST’s application returns the files given as *.smd, so it can be assumed that it has the utility for this 
conversion even though it is not explicitly found in the application. 
 
Formats and smd format compatibility 
Initially, NIST’s alternative, as much as NPL or PTB, admits the standard *.smd format specified in ISO 5436-2 
for the input data. However, this format allows certain variations, like including or not the x measurement values 
that are made in the profile's direction. Because of this, it appears that files downloaded as Type F1 are not 
compatible between different programs and generate input data errors. In this sense, NIST and NPL files are 
compatible while PTB uses a different format, incompatible with the others even though it is approved by the 
standard. NIST’s or NPL’s (with a previous conversion) programs admit text formats. In de case of PTB, it uses its 
own format, which has a format with extension *.pr. 
 
Results/Reports 
NIST, as much as PTB, generate full reports containing extensive quantitative results. Conversely, NPL does not 
generate such reports. The most complete and exhaustive report is the one generated by PTB, although NIST also 
provides the data in different formats, facilitating subsequent operations. NIST and PTB provide a low resolution 
graphic output, while NPL does not provide any graphic output. 
 
Philosophy of use 
Regarding Type F2 patterns of NIST and PTB, they are used through an interactive website. The numerical 
algorithms are not visible for the user, as they are run in the server. Meanwhile, NPL uses a Java written application 
that the user can download, install and run in his own computer. Each one of these indicated philosophies, the one 
followed by NIST/PTB and the NPL's, exhibit a series of advantages and disadvantages. NIST/PTB's philosophy 
ensures that the user is always working with the latest version and updates are never required. However, in the 
NPL's case, the user is obliged to check if his/her version is updated or not. In this case, outdated versions of the 
program remain in circulation, and this may generate confusion for the users, because the review is not indicated. In 
return, the possibility to work off-line is always interesting and the server does not have to be controlled for possible 
overloads that can appear in case of a simultaneous high number of users. 
 
Uncertainty 
Only NIST offers the possibility to calculate the uncertainty value associated with each parameter. Table 4 
summarizes the main characteristic of each one of these implementations. 
Table 4. Summary of the main features of the different ISO 5436-2 implementations 
Property NIST NPL PTB Property NIST NPL PTB 
2D Type F1 patterns Yes Yes No Possibility of data conversion Yes Yes No 
2D Type F2 patterns Yes Yes Yes Help documentation Good Good Poor 
3D Type F1 patterns Yes No No Additional documentation Good Good Poor 
3D Type F2 patterns Yes No No Assistance in resolving errors Poor Good None 
Hosting in itself server Yes No Yes Usability High Low Low 
*.smd format  Yes Yes Yes Uncertainty Yes No No 
Own Read/Write format Yes Yes Yes Graphic output Yes No Yes 
XML Format Yes No No Results' report Yes No Yes 
4. VisualSR2D 
Taking into consideration the features and characteristics of the three implementations mentioned above, 
VisualSR2D, an alternative development of the ISO 5436-2 standard, is developed. This section presents the main 
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approach and results in the elaboration of this new software.Visual Surface Roughness 2D (henceforth VisualSR2D), 
is the result of a process of benchmarking of the three applications that were previously presented. This software has 
been created in MATLAB. In order to define the functionality of the program, the approach and features of the 
bidimensional algorithms of NIST’s alternative were chosen as a reference. Hence, VisualSR2D includes the 
following features: 
x (a) Parameters evaluation in Roughness, Waviness and Primary profiles (Ra, Rq,….); (b) Filtering in the 
Frequency Domain; (c) Gaussian and 2RC Filtering; (d) Power Spectral Density evaluation; (e) Correlation 
Analysis and (f) Bearing Area Curve Evaluation 
The philosophy of distribution and external usability of VisualSR2D is based on the NPL’s approach, meaning 
that this software runs as an offline standalone application on user’s personal computers. Although ISO 5436 
standard indications have been fully integrated into the software, the management of *.smd files' has been developed 
in such a way that it results as flexible as possible for the final user. Furthermore, a specific module was developed 
to facilitate users the generation of *.smd files from their raw data. The process is eased to an extent that no previous 
experience in ASCII editing is required. Moreover, VisualSR2D verifies the structure of any file being loaded, and 
reports to the user any unexpected situation that is found. Among others, VisualSR2D carries out the following 
operations when interpreting the ISO 5436-2 standard. 
 
x Analysis of the file's structure: A standardized .smd file contains 4 registers. If they are not found, the user is 
informed that the structure of the file is incorrect 
x Exhaustive analysis of the file's heading: The register 1 of a .smd file contains information that's essential for its 
interpretation. Before the application of any mathematical algorithm, VisualSR2D checks that the internal 
structure of this register is correct, and reports any error found back to the user.  
x Verification of the checksum structure, as well as its value: VisualSR2D informs the user not only about the 
possible discrepancies in the checksum, but also about the correct value if the one contained if the file is found to 
be wrong. Additionally, the software will give to the user the option to continue with the analysis even if the 
checksum is incorrect, being the user notified in this case. 
x Analysis of the optional information that is present in the file: VisualSR2D searches for the additional 
information that might be useful towards the interpretation of the .smd files themselves. Specifically, it evaluates 
the PROFILE_FILTER field, where the information about the filters applied to the profile is expected to be 
found. The program uses this information in the definition of evaluation lengths. 
The creation of the .smd files is presented to the user as an independent graphic interface. It is divided in three 
windows: the first one dedicated to the heading of the file, the second one to the optional information and the third 
of them to the numerical data, which can be copied and pasted from other formats.With the purpose of illustrating 
VisualSR2D's operation, the profile 2 from the previous section has been used as an example. The procedure to 
follow starts with the points that define the primary profile and creates a .smd standardized file by using the 
corresponding module. The file obtained, that contains the primary/basic profile, is uploaded to the program. 
Automatically parameters Pa and Pq are obtained as Figure 2 (a) shows. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Raw profile(a) and Gaussian filter (b) in VisualSR2D 
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From this point on, it is possible to get the different types of filtering and to evaluate the parameters of the 
corresponding profiles. It is possible to use any of the features that were previously described too, as Figure 2(b) 
shows. Table 5 contains the values calculated using VisualSR2D when it is evaluating the profiles described in the 
previous section.  
Table 5. Values of the parameters calculated with VisualSR2D 
Pa Pq Ra Rq Rp Rt Rv Rz 
Profile 1 0.9880 1.2551 0.7336 0.9475 2.1342 4.8194 2.6294 4.7582 
Profile 2 1.1612 1.4552 0.7687 0.9751 2.1241 5.0216 2.6266 4.7507 
5. Conclusions 
The present work has revised the international implementations of the F1 and F2 standards that the ISO 5436-2 
normative defines, pointing out their main strengths and weaknesses each of them have. Additionally, VisualSR2D, 
an application aimed to serve as Type F2 standard for two-dimensional measurements of surface finish, has been 
presented. 
In addition, two testing profiles have been used in order to show the results obtained for both cases. The great 
similarity found between the results obtained by VisualSR2D, NIST and NPL should be noted. In most of the cases 
the results differ just in thousandths of micrometers. As for the PTB, its results tend to have a more significant 
discrepancy with the rest of the software developments. As a conclusion, it should be pointed out that the 
development of the Type E and Type F patterns according to the standard is still incipient, giving room for many 
improvements to be implemented.  
A first line of improvement runs through the incorporation of support elements that facilitate the use of Type F 
standards to final users. A second line follows the idea of reviewing the specifications of the .smd format, which 
manipulation is often awkward. The fact that each of the three alternatives used as a benchmark in this paper have 
developed their own alternative format is a good indicator for this.  
In this sense the .xml format used by NIST seems to be a valuable alternative, although certain developments that 
rely on the .xml format have not reached an adequate consensus yet. Finally, the development of three-dimensional 
standards should be mentioned. New updates are required, as only the alternative of the NIST has developed 
different approaches in this field. 
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